The hypothesis that echinomycin locates its preferred nucleotide sequences in DNA by a process of "shuffling" between potential binding sites has been tested. Immediately after reacting with calf thymus DNA the antibiotic is relatively weakly bound inasmuch as the complex dissociates quite rapidly when detergent is added. If the complex is allowed to equilibrate for various periods of time after mixing, an increasing proportion of the bound antibiotic dissociates slowly on addition of detergent. The kinetics of appearance of the slowly-dissociating form, and its dependence upon ionic strength, are fully consistent with the shuffling model.
INTRODUCTION
The biochemical target for several clinically important antitumour drugs seem3 to be DNA, which they may recognise with varying degrees of specificity l_ 1 ,2j. A well known example is actinomycin D which binds selectively to DNA at the sequence GpCL3-5j. A different pattern of specificity is seen with the bifunctional intercalating qumoxaline antibiotic echinomycin ( Figure 1 ) which also binds best to G+C rich DNAs characterised by the slowest rate of dissociation. Moreover, there is evidence that the slow dissociation of echinomycin from those sites is primarily responsible for its high biological activity [_ 17 ,18j .
The association reaction between actinomycin and DNA can be resolved into five components which could reflect conformational adjustments in the interacting molecules [15,14J and/or a process of "shuffling" whereby the antibiotic interacts initially with a variety of nucleotide sequences, and subsequently migrates along the DNA lattice so as to attain optimum binding |_15j-We favour the latter hypothesis. By contrast, the situation with echinomycin is less complicated: its association with natural DNA appears as a one-step process L 1 9J-Presumably, if the antibiotic does shuffle between its potential binding sites this reaction is not accompanied by any detectable absorbance changes.
In this paper we report the results of a series of simple experiments to test the hypothesis that echinomycin first binds rather non-specifically to many nucleotide sequences in DNA and then, over a period of minutes, becomes redistributed on to slowly-dissociating sites by a process of "shuffling". All dissociation experiments were performed in 40mm optical path length semi-micro quartz cuvette3. Typically 5ml of a nearly saturated antibiotic solution (5) The rate at which the antibiotic appears on the tighter binding sites will depend on the rate of dissociation from the weaker sites as well as the relative abundance of the two classes of sites. However, any molecule which dissociates from the DNA is more likely to reassociate with the most abundant (weaker) sites, so that the overall rate of appearance of the slow dissociating species will generally be less than the rate of dissociation from the weaker sites. Under the experimental conditions in Figure In a similar series of experiments performed with poly(dG-dC) and poly(dA-dT) the dissociation profiles were found to be independent of the mixing time. After preequilibration for only 30s the dissociation profiles were completely described by single exponentials with time constants of 53+6s for poly(dG-dC) and 14.O+3.2s for poly(dA-dT) similar to the values of 55j^9s and 17-2+K3s seen with complexes which had been preequilibrated for several hours. The amplitude of the absorbance changes were also unaffected by the premixing time. It appears that for these synthetic polymers the antibiotic rapidly attains binding to the most preferred site (CpG in poly(dG-dC)) either by never binding to the other sequence or by migrating from it onto the tight sites very rapidly. 
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